Abstract. The aim of this review was to take a look at the anti-inflammatory functions of Houttuynia cordata Thunb. (HCT) that have been illustrated in the literature and to explore new fields in which HCT could be used in the future. The use of HCT has been described in broad inflammatory domains, where it has exhibited a variety of activities, including antiviral, antibacterial, antiparasitic and immunostimulant activity, with high efficiency, mild features and definite therapeutic effects. The numerous anti-inflammatory functions of HCT have demonstrated that HCT has wide application prospects. New uses of HCT and the full extent of its utilization await further investigation. The basic pathological change of rheumatoid arthritis (RA) is synovial proliferation which leads to joint destruction in the long-term. There are types of drugs that have been used clinically for patients with RA, however, due to their side-effects or high prices their broad usage is limited. A safe and low-cost drug is urgently required to be developed for the clinical usage of patients with RA. Thus, HCT has the potential to be a good candidate in the treatment of rheumatoid arthritis.
Introduction
Houttuynia cordata Thunb. (HCT) is a perennial herbaceous plant that grows in the wild in moist and shady locations in Asian countries, including China, Japan and India. HCT has antiviral, antibacterial, immunostimulant and other anti-inflammatory effects (1) , which have led it to being widely used in the pharmaceutical industry and folk medicine (2) (3) (4) (5) . In recent years, its anti-inflammatory effects have been deeply studied and have indicated that HCT is clinically applicable in the treatment of inflammatory diseases. The anti-inflammatory mechanism of HCT is closely associated with inflammatory cells, particularly those that secrete cytokines. The antiviral, antibacterial and immunostimulant effects of HCT are also being elucidated.
Antiviral activity
Hand, foot, and mouth disease (HFMD) . HFMD is a common viral illness that typically infects infants and children under the age of 5 years. Enterovirus 71 (EV71) and coxsackievirus A16 (CVA16) are the two main pathogens of HFMD, which accounted for >70% of the total cases during an outbreak in China in 2008 (6) . HCT demonstrated therapeutic efficacy and relative safety when used to treat HFMD during recent epidemics (7, 8) . However, there have been no microbiological studies validating the usefulness of HCT for treating HFMD.
Chen et al (9) studied the antiviral activity of HCT in a series of experiments in which African green monkey kidney epithelial (Vero) cells were infected with EV71 or CVA16 and treated with various concentrations of an HCT extract for 72 h. The results showed that HCT significantly blocked the cytopathic effect associated with EV71 but did not exhibit significant activity against CVA16 infection. However, an earlier study (10) revealed that HCT was active against CVA16. Therefore, HCT appears to be of high potential value in the treatment of HFMD. (1) examined the effects of HCT injection (HCI) in the rat carrageenan-induced pleurisy model and the mouse xylene-induced ear edema model. In the pleurisy model, the injection of carrageenan into the pleural cavity resulted in protein-rich fluid accumulation and leukocyte infiltration in the pleural cavity, with the peak inflammatory response occurring after 24 h, when the fluid volume, protein concentration, C-reactive protein and cell infiltration were maximal. These parameters were attenuated by HCI at various doses, with the strongest inhibitory effect occurring at a dose of 0.54 ml/100 g. HCI exhibited similar effects in the mice ear edema model, with 50% inhibition at a dose of 80 µl/20 g. The results clearly indicate that HCI has anti-inflammatory activity against the SARS coronavirus.
Anti-inflammatory functions of

Herpes simplex virus (HSV) infection.
A number of studies (13) (14) (15) have demonstrated that NF-κB activation plays a significant role in the replication of HSV-1 and HSV-2. HSV infection is efficiently suppressed by the inhibition of NF-κB activation. Chen et al (16) found that an aqueous extract of HCT (HCWE) had anti-herpetic activity against HSV-2 and HSV-1 infection, and that this activity was associated with an inhibitory effect on NF-κB pathway activation.
Pseudorabies herpesvirus (PrV).
PrV is a member of the Alphaherpesvirinae subfamily. Piglets infected with PrV die within a few days (17) . Ren et al (17) used Vero cells and swine testis cells to investigate the effect of HCI on cell infection by PrV. They found that HCI efficiently inhibited cell infection following the incubation of PrV with the drug.
Infectious bronchitis virus (IBV).
Avian IBV is a type of coronavirus that causes infectious bronchitis. In a study conducted in chicken embryos and chickens (18) , it was found that HCT inhibited IBV infection by >90% in chicken embryo kidney cells, and reduced IBV-induced apoptosis by >90% in vivo and in vitro. HCT fully protected the embryos against IBV challenge and had >50% protective effect in chickens in the study.
Dengue virus. Dengue virus is a virus that causes dengue fever, dengue hemorrhagic fever and dengue shock syndrome. A study conducted by Leardkamolkarn et al (19) provided scientific data to support the phytomedicinal properties of HCWE as an inhibitor of the dengue virus. The study identified that hyperoside is the major bioactive compound that effectively acts against dengue infection. The HCT extract was shown to be non-toxic and may be worthy of further development.
Antibacterial activity
Staphylococcus aureus. Houttuynin is a keto-substituted aldehyde that can be isolated from HCT. Liu et al (20) found that sodium houttuyfonate (SH), an addition compound of sodium bisulfite and houttuynin, exhibited antibacterial activity against 21 strains of Staphyloccus aureus grown in planktonic culture in vitro. Their results showed that the levels of autolysin atl, sle1, cidA and lytN transcripts in the SH-treated strain were decreased compared with those in the control strain, and SH diminished the amounts of extracellular DNA of the 21 strains of Staphyloccus aureus in a dose-dependent manner. Furthermore, Lu et al (21) found that SH demonstrated in vitro antibacterial activity against methicillin-resistant Staphylococcus aureus isolates.
Antiparasitic activity
The leaves of HCT are used by the native Naga tribes of northeast India as a traditional cure for intestinal helminthic infections (22) . The anticestodal efficacy of HCT leaf extract has been investigated in vivo against Hymenolepis diminuta in experimentally infected albino rats. Yadav AK and Temjenmongla (22) compared the effect of HCT leaf extract with that of the reference drug praziquantel, and concluded that the HCT leaf extract had anticestodal efficacy. (23) investigated the effect of SH on the membranous glomerulonephritis (MGN) induced by cationic bovine serum albumin (C-BSA) in BALB/c mice. The C-BSA-induced increases in urinary protein and changes in morphology were attenuated by treatment with SH. The expression levels of nuclear NF-κB and monocyte chemotactic protein 1 (MCP-1) were inhibited by SH in a dose-dependent manner. This study indicated that SH acted against C-BSA-induced MGN in the mice by suppressing the activation on NF-κB and the expression of MCP-1.
Other anti-inflammatory activity
Membranous glomerulonephritis. Pan et al
Li et al (24) conducted a study to investigate the effect of HCWE on mast cell-mediated anaphylactic reactions. It was observed that the oral administration of HCWE inhibited systemic anaphylaxis in mice as well as the local allergic reaction activated by anti-dinitrophenyl IgE antibody in rats. The authors also found that HCWE dose-dependently inhibited histamine release and calcium uptake by rat peritoneal mast cells. HCWE increased the intracellular level of cyclic adenosine monophosphate (cAMP) and markedly reduced mast cell activator-induced cAMP expression. These results indicate that HCWE may be useful for the prevention of mast cell-mediated anaphylactic response.
Nonsteroidal anti-inflammatory drugs (NSAIDs) have been shown to be significantly efficacious in the treatment of various inflammatory disorders. NSAIDs function by binding to cyclooxygenase enzymes to inhibit the production of prostaglandins from the substrate arachidonic acid. A study showed that Houttuynia cordata supercritical extract (HSE) was able to reduce the production of tumor-necrosis factor (TNF)-α and prostaglandin E2 (PGE2) in a carrageenan-air pouch model of inflammation in mice, which indicates that HSE exerts anti-inflammatory effects by inhibiting TNF-α and cyclooxygenase II-PGE2 pathways (25, 26) . Therefore, HSE is a potential drug candidate for the relief of various types of inflammation that are responsive to NSAIDs. Thus, it may be useful for reducing the symptoms associated with rheumatoid arthritis (RA), without the marked gastrointestinal side-effects of NSAIDs. Studies have also indicated that HCT is able to efficiently inhibit IL-6, IL-8 and TNF-α production (27, 28) .
Effects on immunity
The continuous ingestion of a probiotic fermented four-herb combination (PFH) including HCT has been found to markedly increase lysozymal activity in the serum and spleen, in addition to increasing peripheral blood mononuclear cell (PBMC) proliferation, the CD4 + :CD8 + T-lymphocyte ratio in the spleen, and antibody production levels in broiler chicks (29) . Conversely, PGE2 synthesis in serum and PBMC culture medium was significantly decreased in the PFH-fed chicks in comparison with that in the control group in a dose-dependent manner. When the chicks were experimentally infected with Salmonella gallinarum, feeding with 2% PFH delayed mortality. Furthermore, the survival rate in the 2% PFH-fed group was higher than that in the 1% PFH-fed group and the control group throughout the experimental period. These findings suggest that PFH enhances immune activity in broiler chicks and increases the survival of experimentally infected broiler chicks, possibly by stimulating nonspecific immune responses. Therefore, probiotics and herbs including HCT may provide an alternative to antibiotics and could avoid the development of antibiotic-resistant bacteria by promoting immune activity and preventing disease. Moreover, Lee et al found HCT showed an efficient immunomodulation effect (30) . In one study, the usefulness of HCT fractions as an ethnopharmacological treatment for Th2-mediated inflammation was reported to occur through the downregulation of the production of Th2 cytokines (31) .
RA is the most common inflammatory arthritis. It is of unknown etiology and affects 0.5-1% of the general population worldwide (32, 33) . The condition features repeated outbreaks with an acute or chronic course. Considering the far-ranging aspects for the usage of HCT, it has the potential to be used as a new medicine for the treatment of RA in the near future.
Conclusion
Existing studies and prior knowledge demonstrate that HCT has antiviral, antibacterial and immunostimulant activities, as well as anti-inflammatory functions. However, whether there are any toxic side-effects or untoward reactions remains unclear. Adverse effects of lead-based traditional preparation techniques may potentially arise if there are any deficiencies in the preparation methods. Therefore, these issues require further evaluation to validate the safety of HCT and support the broadening of its clinical use in the future.
The primary inflammatory site of RA is synovial proliferation and it is the trigger or progression of joint destruction in patients with RA. Thus, the inhibition of synovial hyperplasia in the early course of RA may play a potential therapeutic approach for the treatment of patients with the condition. Moreover, since HCT possesses a broad range of anti-inflammatory functions, such as antiviral, antibacterial and its immunostimulant effect, it may be useful in the treamtent of acute or chronic inflammation as part of RA. However, further studies are required in order to improve the understanding of the role of HCT in RA.
